(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
13 March 2003 (13.03.2003) 




PCT 



(10) International Publication Number 

WO 03/020635 A2 



(51) International Patent Classification 7 : C01B3/02, 
3/10, H01M 8/00 

(21) International Application Number: PCTAJS02/27282 

(22) International Filing Date: 27 August 2002 (27.08.2002) 

(25) Filing Language: English 

(26) Publication Language: English 
(30) Priority Data: 



09/941,247 



28 August 2001 (28.08.2001) US 



(71) Applicant: HONEYWELL INTERNATIONAL INC. 

[US/US]; 101 Columbia Road, P.O. Box 2245, Morris- 
town, NJ 07960 (US). 

(72) Inventor: WOOD, Roland, A.; 150 Mission Lane East, 
Bloomington, MN 55420 (US). 



(74) Agents: CRISS, Roger, H. et al.; Honeywell International 
Inc., 101 Columbia Avenue, P.O. Box 2245, Morristown, 
NJ 07960 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, MR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VN, 
YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK, 
TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TO, TG). 

[Continued on next page] 



^3 (54) Title: WATER VAPOR TRANSPORT POWER GENERATOR 



< 

If) 

\o 



\ 



24 18 




O 



14 



7 



12 



24 



22 



20 



16 



2 (57) Abstract: An improved system for generating electrical power using a fuel cell. More particularly, a system for generating 
hydrogen gas by reacting water vapor with a substantially non-fluid substance and transporting the generated hydrogen gas to the fuel 
Q cell which generates electrical power. Reacting water vapor with the non-fluid hydrogen generating substance rather than liquid water 
J^. prevents caking of the non -fluid substance and deposition of byproducts onto the non-fluid substance that interfere with continued 
^ generation of hydrogen gas. 
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WATER VAPOR TRANSPORT POWER GENERATOR 
5 BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The invention relates to an improved system for generating electrical power using 
a fuel cell. More particularly, the invention pertains to a system for generating 
10 hydrogen gas by reacting water vapor with a substantially non-fluid substance and 
transporting the generated hydrogen gas to the fuel cell which in turn generates 
electrical power. 

DESCRIPTION OF THE RELATED ART 

15 Similar to batteries, fuel cells function to produce electric power through chemical 
reactions. Rather than storing reactants as batteries do, fuel cells are operated by 
continuously supplying reactants to the cell. In a typical fuel cell, hydrogen gas 
acts as one reactant and oxygen as the other, with the two reacting at electrodes to 
form water molecules and releasing energy in the form of direct current 

20 electricity. This direct current electricity may then be converted into an 

alternating current. The system may produce electricity continuously as long as 
hydrogen and oxygen are provided. While oxygen is typically provided from the 
air, it is generally necessary to generate hydrogen gas from other compounds 
through controlled chemical reactions rather than storing hydrogen, because 

25 storing of hydrogen gas requires that it either be compressed or cryogenically 

cooled. As fuel cell technology evolves, so do the means by which hydrogen gas 
is generated for application with fuel cells. 
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Currently, there are various methods which are known and employed for 
generating hydrogen gas. The predominant method is by a process known as 
reformation in which fossil fuels are broken down into their hydrogen and carbon 
products. However, this system is undesirable in the long term because it is 

5 dependent upon a non-renewable resource. Another method is electrolysis, in 
which hydrogen is split from water molecules. However, this method is not well 
suited for large scale applications, such as use in automobiles. Another means of 
generating hydrogen gas is by reversibly adsorbing and releasing hydrogen gas 
from metal hydrides or alloys through heating. While this method is useful, it is 

1 o not preferred because the metal hydrides are typically very heavy, expensive and 
only release small quantities of hydrogen. Yet another means by which hydrogen 
gas is generated is through reactive chemical hydrides. This process involves 
chemically generating hydrogen gas from dry, highly reactive solids by reacting 
them with liquid water or acids. Chemicals especially suitable for this process are 

15 lithium hydride, calcium hydride, lithium aluminum hydride and sodium 
borohydride, each of which are capable of releasing plentiful quantities of 
hydrogen. The disadvantages associated with this method is that reaction 
products from the chemical and liquid water typically form a cake or pasty 
substance which interferes with further reaction of the reactive chemical with the 

20 liquid water or acid. 

It is of great interest in the art to provide a means by which hydrogen gas may be 
generated for use in fuel cells, without relying on non-renewable resources and 
without the disadvantages of each of the aforementioned methods. The present 
25 invention provides a solution to this problem. The invention provides an 

electrical power generator and a process for generating hydrogen gas for fueling a 
fuel cell. The electrical power generator comprises a water vapor generator at 

2 
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least partially filled with water vapor, at least one hydrogen gas generator 
connected to the water vapor generator, and a fuel cell connected to the hydrogen 
gas generator, the hydrogen generation chamber being at least partially filled with 
a substantially non-fluid substance which reacts with water vapor to generate 

5 hydrogen gas. The hydrogen gas generated may then be used as a "fuel" which 
allows the fuel cell to generate electrical power. The present invention improves 
upon the related art by reacting a water vapor with a substantially non-fluid 
substance to generate hydrogen gas rather than liquid water. By reacting a water 
vapor with the aforementioned non-fluid chemical substance, it has been found 

10 that the typical problems associated with reactive chemical hydrides are avoided, 
resulting in a more efficient system than those of the prior art. 

SUMMARY OF THE INVENTION 

15 The invention provides an electrical power generator comprising: 

a) a water vapor generator; 

b) a hydrogen gas generator attached to the water vapor generator, said hydrogen 
generator containing a substantially non-fluid substance which reacts with water 
vapor to generate hydrogen gas; said hydrogen generator optionally being 

20 attached to said water vapor generator via at least one conduit; and 

c) a fuel cell attached to the hydrogen gas generator; said fuel cell optionally 
being attached to said hydrogen gas generator via at least one conduit. 

The invention also provides a process for generating hydrogen gas for fueling a 
25 fuel cell comprising: 
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a) directing water vapor from a water vapor generator to a hydrogen generator, 
said hydrogen generator being at least partially filled with a substantially non- 
fluid substance which reacts with water vapor to generate hydrogen gas; and 

b) directing hydrogen gas and any residual water vapor from the hydrogen 
5 generator to a fuel cell. 

The invention further provides an improved process for generating electrical 
energy wherein water and hydrogen gas are directed from a water containing 
chamber to a fuel cell; and water and any residual hydrogen gas are directed from 

10 the fuel cell back to the water containing chamber; and water and hydrogen gas 
are directed through a hydrogen gas generator, which hydrogen gas generator is 
connected to each of the fuel cell and water containing chamber and which 
hydrogen gas generator is at least partially filled with a substance which reacts 
with water to generate hydrogen gas, wherein the improvement comprises 

15 contacting water in the form of water vapor with a substantially non-fluid 
substance which reacts with water vapor to generate hydrogen gas. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Figure 1 is a schematic representation of an electrical power generator having a 
conduit and a separate return line. 

Figure 2 is a schematic representation of an electrical power generator having 
neither a conduit nor a return line. 

25 

Figure 3 is a schematic representation of an electrical power generator having a 
conduit connecting each of the water vapor generator, the hydrogen gas generator 

4 
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and the fuel cell, and also having a pump, a tensile membrane within the water 
vapor generator and a thermal insulator around the fuel cell. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 

An electrical power generator is provided which generates hydrogen gas through 
controlled reactions of water vapor with a substantially non-fluid substance, 
which hydrogen gas is then used to fuel a fuel cell. The electrical energy 
generated may be used to power miniature devices such as cellular phones or 
10 other hand held electronic devices, and ultimately may be suitable for use in larger 
scale systems such as fuel driven equipment and automobiles. 

A seen in Figures 1-3, the electrical power generator 10 broadly comprises at least 
one water vapor generator 12, at least one hydrogen gas generator 14 attached to 

1 5 the water vapor generator 1 2 and a fuel cell 1 6 attached to the hydrogen gas 

generator 14. The water vapor generator 12 is preferably a chamber that is at least 
partially filled with water in the form of either water vapor, liquid water or ice. 
The quantity of either liquid water or ice may vary and generally depends on the 
size of the water vapor generating chamber 12 and the application for which the 

20 power generator 1 0 is used. Should any liquid water be present within the water 
vapor generator 12, the liquid water may be prevented from seeping out of the 
water vapor generator 12 by either porous plugs 24 or by a valve 26. Porous 
plugs 24 comprise a porous material such as cotton or a polymeric fabric, which 
acts as a barrier to liquid water while allowing the passage of water vapor into and 

25 out of the water vapor generator 1 2. 
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The dimensions of the water vapor generator 12 are preferably very small in scale, 
but may also vary with respect to the use of the power generator 1 0. In preferred 
small scale embodiments, the water vapor generator 12 is preferably from about 
0.1 cm to about 1.0 cm in height, from about 0.1 cm to about 1 .0 cm in width and 
5 from about 0. 1 cm to about 1 .0 cm in length. As seen in Figure 3, optionally 

within the water vapor generator is a tensile membrane 32. The tensile membrane 
32 acts to exert pressure on water vapor within the water vapor generator 12 
forcing the water vapor out of the water vapor generator 12 and toward the 
hydrogen gas generator 14. The pressure within the water vapor generator 12 is 
10 preferably maintained at a pressure of slightly more than atmospheric pressure. 

Attached to the water vapor generator 12 is a hydrogen gas generator 14. The 
hydrogen gas generator 14 is preferably in the form of a chamber and is at least 
partially filled with a substantially non-fluid substance which reacts with water 

1 5 vapor to generate hydrogen gas. Alternately, the hydrogen gas generator 14 may 
be an open area adjacent to the water vapor generator 12 suitable for retaining the 
non-fluid substance. Similar to the water vapor generator 12, the dimensions of 
the hydrogen gas generator 14 will vary depending on the proposed use of the 
power generator 10. When the hydrogen gas generator 14 comprises a chamber in 

20 a small scale application, it is preferably from about 0.1 cm to about 1 .0 cm in 
height, from about 0.1 cm to about 1 .0 cm in width and from about 0.1 cm to 
about 1 .0 cm in length. 

The substantially non-fluid substance within the hydrogen gas generator 14 
25 preferably comprises a material in powder, granule or pellet form and is 

preferably an alkali metal, calcium hydride, lithium hydride, lithium aluminum 
hydride, sodium borohydride and combinations thereof. Suitable alkali metals 
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non-exclusively include lithium, sodium and potassium. The preferred material 
for the non-fluid substance is sodium borohydride. The non-fluid substance is 
also preferably combined with a hydrogen generation catalyst to catalyze the 
reaction of the water vapor and the non-fluid substance. Suitable catalysts include 
5 non-exclusively include cobalt, nickel, ruthenium, magnesium and alloys and 
combinations thereof. 

Attached to the hydrogen gas generator 14 is a fuel cell 16. Hydrogen powered 
fuel cells are well known in the art. The dimensions of the fuel cell 16 also 
depend on the intended use of the power generator 10. In small scale applications, 
the fuel cell is preferably from about 0.1 cm to about 1 .0 cm in height, from about 
0. 1 cm to about 1 .0 cm in width and from about 0. 1 cm to about 1 .0 cm in length. 
As seen in Figure 3, it is preferred that the fuel cell 16 is at least partially 
surrounded by a thermal insulator 28. The thermal insulator 28 may comprise 
anything suitable to maintain the fuel cell above the freezing temperature of 
water. Suitable thermal insulators non-exclusively include insulators comprising 
a plastic foam. In addition to the thermal insulator, a heater 34 may be placed 
adjacent to or attached to the fuel cell 16 to maintain the temperature of the fuel 
cell and power generator 10 above the freezing temperature of water. In the 
preferred embodiment of the invention, the power generator 10 will be maintained 
at a temperature of from about -20°C to about 50°C, more preferably from about 
0°C to about 50°C and most preferably from about 20°C to about 50°C while in 
use. 

25 As seen in Figures 1 and 3, the water vapor generator 12 is preferably connected 
to the hydrogen generator 14 via at least one conduit 18, and the hydrogen 
generator 14 is preferably connected to the fuel cell 16 via at least one conduit 18. 

8 
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The conduits 18 may comprise anything sufficient to facilitate the transport of 
water vapor from the water vapor generator 12 to the hydrogen generator 14 and 
hydrogen gas from the hydrogen generator 14 to the fuel cell 16. As seen in 
Figure 1, in the preferred embodiment of the invention, the power generator 10 

5 also includes a return line 20 that directs any residual water vapor and hydrogen 
gas from the fuel cell 16 back to the water vapor generator 12. The return line 20 
is preferably substantially identical to conduits 1 8. As shown in Figure 2, neither 
the conduits 18 nor the return line 20 are necessary elements for the efficient 
performance of the invention. In this embodiment, the water vapor generator 12 

10 may be directly attached to the hydrogen gas generator 14 and the fuel cell 16 
directly attached to the hydrogen gas generator 14. 

It is further preferred that at least one pump 22 is coupled with the power 
generator 10 to pump hydrogen gas and water vapor between the water vapor 

15 generator 12 and the hydrogen gas generator 14. The pump 22 is preferably 
electrically connected to and powered by the fuel cell 16, with the pump 
optionally being powered initially by power stored in device 30. It is also 
preferred that an inert gas is initially present within the water vapor generator 12, 
hydrogen gas generator 14, fuel cell 16 and in the optional conduits 18 and 

20 optional return line 20. The inert gas assists in transporting water vapor and 
hydrogen gas to the fiiel cell 16 and is preferably a gas selected from the group 
consisting of nitrogen, argon, combinations thereof and the like. 

In use, the water vapor generator 12 may generate water vapor in a variety of 
25 ways, such as by evaporation of liquid water from the water vapor generator 12, 
by diffusion of water molecules into the air, by bubbling gas through the water, or 
by passing gas over the surface of the liquid water or the ice if present or over 
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surfaces wetted by the water. Once the water vapor is generated it is directed 
from the water vapor generator 12 toward the hydrogen gas generator 16 either via 
diffusion, via pressure exerted by tensile membrane 32, via a force generated by 
pump 22, by a flow induced as water vapor is consumed in the hydrogen 

5 generator, or by flow induced as hydrogen is consumed by the fuel cell. The 
water vapor then passes through either the porous plugs 24 or open valve 26, 
preferably into conduit 18 and then to the hydrogen gas generator 14 which is at 
least partially filled with the substantially non-fluid substance. Once the water 
vapor passes into the hydrogen gas generator 16, the substantially non-fluid 

10 substance reacts with the water vapor, consuming water vapor to generate 

hydrogen gas. The hydrogen gas and any residual water vapor is then directed 
from the hydrogen gas generator 14 to the fuel cell 1, preferably via another 
conduit 18. Once the hydrogen gas reaches the fuel cell, the hydrogen gas is 
reacted with oxygen gas within the fuel cell, consuming the hydrogen gas to 

15 generate electricity. Subsequently, any residual water vapor and any residual 
hydrogen gas are transported from the fuel cell 16 back to the water vapor 
generator 12, preferably via a return line 20. 

While the present invention has been particularly shown and described with 
20 reference to preferred embodiments, it will be readily appreciated by those of 
ordinary skill in the art that various changes and modifications may be made 
without departing from the spirit and scope of the invention. It is intended that 
the claims be interpreted to cover the disclosed embodiment, those alternatives 
which have been discussed above and all equivalents thereto. 

25 
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What is claimed is: 

1 . An electrical power generator comprising: 

a) a water vapor generator; 

b) a hydrogen gas generator attached to the water vapor generator, said hydrogen 
5 generator containing a substantially non-fluid substance which reacts with water 

vapor to generate hydrogen gas; said hydrogen generator optionally being 
attached to said water vapor generator via at least one conduit; and 

c) a fuel cell attached to the hydrogen gas generator; said fuel cell optionally 
being attached to said hydrogen gas generator via at least one conduit. 

10 

2. The power generator of claim 1 further comprising at least one conduit 
connecting the water vapor generator to the hydrogen gas generator and at least 
one conduit connecting the hydrogen gas generator to the fuel cell. 

15 3. The power generator of claim 1 further comprising a return line which directs 
residual water vapor and hydrogen gas from the fuel cell to the water vapor 
generator. 

4. The power generator of claim 1 wherein the water vapor generator comprises a 
20 chamber at least partially filled with water vapor. 

5. The power generator of claim 1 wherein the water vapor generator is at least 
partially filled with ice. 

25 6. The power generator of claim 1 wherein the hydrogen gas generator comprises 
a chamber at least partially filled with a substantially non-fluid substance which 
reacts with water vapor to generate hydrogen gas. 

11 
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7. The power generator of claim 1 further comprising an inert gas within said 
water vapor generator, hydrogen generator and fuel cell. 

5 8. The power generator of claim 7 wherein the inert gas comprises a gas selected 
from the group consisting of nitrogen, argon and combinations thereof. 

9. The power generator of claim 1 further comprising hydrogen gas initially 
loaded within at least one of said water vapor generator, hydrogen gas generator, 

10 fuel cell and said optional conduits. 

10. The power generator of claim 1 further comprising at least one device 
attached to at least one of said water vapor generator, said hydrogen generator or 
said fuel cell for causing an initial flow of water vapor from the water vapor 

15 generator to the hydrogen gas generator. 

1 1 . The power generator of claim 1 wherein said substantially non-fluid 
substance comprises a material selected from the group consisting of alkali 
metals, calcium hydride, lithium hydride, lithium aluminum hydride, sodium 

20 borohydride and combinations thereof. 

12. The power generator of claim 1 wherein said substantially non-fluid substance 
comprises sodium borohydride. 

25 13. The power generator of claim 1 further comprising a hydrogen generation 
catalyst combined with said substantially non-fluid substance. 
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14. The power generator of claim 1 3 wherein said catalyst is selected from the 
group consisting of cobalt, nickel, ruthenium and alloys and combinations thereof. 

15. The power generator of claim 1 further comprising at least one pump for 

5 pumping hydrogen gas and water vapor between the water vapor generator and 
the fuel cell. 

16. The power generator of claim 1 further comprising at least one valve for 
regulating the passage of hydrogen gas and water vapor between the water vapor 

10 generator and the fuel cell. 

17. The power generator of claim 1 further comprising porous plugs adjacent to 
said water vapor generator, said plugs substantially impeding the flow of liquid 
water from said water vapor generator and substantially allowing the flow of 

15 hydrogen gas and water vapor into and out of said water vapor generator. 

18. The power generator of claim 1 wherein said substantially non-fluid substance 
is in powder, granule or pellet form. 

20 1 9. The power generator of claim 1 wherein said fuel cell is at least partially 
surrounded by a thermal insulator. 

20. The power generator of claim 1 further comprising a heater adjacent to the 
fuel cell. 

25 
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21 . The power generator of claim 1 further comprising a tensile membrane within 
the water vapor generator which exerts pressure directing water vapor from the 
water vapor generator to the hydrogen gas generator. 

5 22. A process for generating hydrogen gas for fueling a fuel cell comprising: 

a) directing water vapor from a water vapor generator to a hydrogen generator, 
said hydrogen generator being at least partially filled with a substantially non- 
fluid substance which reacts with water vapor to generate hydrogen gas; and 

b) directing hydrogen gas and any residual water vapor from the hydrogen 
10 generator to a fuel cell. 

23. The process of claim 22 further comprising: 

c) directing any residual water vapor and any residual hydrogen gas from the fuel 
cell back to the water vapor generator. 

15 

24. The process of claim 22 further comprising directing water vapor and any 
present hydrogen gas from the water vapor generator to the hydrogen generator 
via at least one conduit, and directing hydrogen gas and any residual water vapor 
from the hydrogen gas generator to the fuel cell via at least one conduit. 

20 

25. The process of claim 22 further comprising directing water vapor and any 
present hydrogen gas from the water vapor generator to the hydrogen generator 
via at least one conduit, and directing hydrogen gas and any residual water vapor 
from the hydrogen gas generator to the fuel cell via at least one conduit; and 

25 directing any residual water vapor and any residual hydrogen gas from the fuel 
cell to the water vapor generator via at least one return line. 

14 
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26. The process of claim 22 wherein the water vapor generator comprises a 
chamber at least partially filled with water vapor. 

27. The process of claim 22 wherein the passage of said water vapor and said 
5 hydrogen gas from the water vapor generator to the fuel cell is controlled by at 

least one valve. 

28. The process of claim 22 wherein said substantially non-fluid substance 
comprises a material selected from the group consisting of alkali metals, calcium 

10 hydride, lithium hydride, lithium aluminum hydride, sodium borohydride and 
combinations thereof. 

29. The process of claim 22 wherein said substantially non-fluid substance 
comprises sodium borohydride. 

15 

30. The process of claim 22 wherein said substantially non-fluid substance is in 
powder, pellet or granule form. 

3 1 . The process of claim 22 further comprising pumping said water vapor and 
20 any present hydrogen from said water vapor generator to said hydrogen gas 

generator. 

32. The process of claim 22 further comprising heating said fuel cell with a heater. 

25 33. The process of claim 22 comprising directing water vapor from the water 
vapor generator to the hydrogen gas generator by pressure from a tensile 
membrane within the water vapor generator. 

15 
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34. The process of claim 22 further comprising causing an initial flow of water 
vapor from the water vapor generator to the hydrogen gas generator via at least 
one device attached to at least one of said water vapor generator, said hydrogen 

5 generator or said fuel cell. 

35. In an improved process for generating electrical energy wherein water and 
hydrogen gas are directed from a water containing chamber to a fuel cell; and 
water and any residual hydrogen gas are directed from the fuel cell back to the 

10 water containing chamber; and water and hydrogen gas are directed through a 
hydrogen gas generator, which hydrogen gas generator is connected to each of the 
fuel cell and water containing chamber and which hydrogen gas generator is at 
least partially filled with a substance which reacts with water to generate 
hydrogen gas, wherein the improvement comprises contacting water in the form 

1 5 of water vapor with a substantially non-fluid substance which reacts with water 
vapor to generate hydrogen gas. 
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